This paper describes the development of a normal-phase liquid chromatography ultraviolet -diode array detection method for the simultaneous quantification of parthenin and coronopilin in the leaves and flowers of Parthenium hysterophorous. The compounds were analyzed on a Merck Si60 silica column (5 mm, 250 3 4 mm) using an isocratic 15:85 mixture of isopropyl alcohol and hexane. The calibration curves resulting from the reference compounds in the concentration range of 200 -2,000 ng exhibited acceptable linearity (r > 0.999). The method was developed to study the levels of parthenin and coronopilin in the leaves and flowers of P. hysterophorous collected during different seasons, and the method was validated by analyzing the spiked samples.
Introduction
Parthenium hysterophorus Linn. [syn. Tanacetum parthenium (L.) Sch. Bip.; Chrysanthemum parthenium (L.) Bernh.; Matricaria parthenium L., M. parthenoides Hort., M. eximia Hort., M. odorata Lam; Pyrethrum parthenium Smith], commonly known as congress weed, carrot weed, star weed, feverfew, white top, chatak chandani, bitter weed, ramphool and garghas, belong to the Asteraceae (Compositae) family. Approximately 19 known species of Parthenium provide a widespread presence all over the world. The plant primarily contains sesquiterpene lactones (SLs) along with various other constituents. Detailed chemo profiling of P. hysterophorus revealed parthenin as its major constituent, isolated as early as 1959 by Herz et al. (1) , with coronopilin as the second constituent (2) . These SLs possess a plethora of bioactivities. Parthenin, the major SL, is known to possess anti-tumor (3), anti-inflammatory (4), lipid peroxidation inhibition (5), antiinflammatory (6) , ameobicidal (7) and trypanocidal (8) activities. Reports in literature have validated reversed-phase high-performance liquid chromatography (HPLC) methods for the separation and estimation of parthenin in the extracts of different parts of P. hysterophorus (9 -11), but none for coronopilin. However, these reports lack information about precision and accuracy; additionally, there is no report in the literature regarding the simultaneous analysis of parthenin and coronopilin by normal-phase HPLC. Changes in season impact the availability of active principles in medicinal plants. According to the principles of Western herbal medicine, the therapeutic efficacy of the plant material varies with the seasons of the year. The constituents and active principles both vary quantitatively during different seasons of the year. The best collection periods for the majority of plant materials are usually the dry and rainy seasons, because the herbs during this period are at peak maturity and bear the maximum concentration of constituents (12) .
As a continuation of the authors' work on natural products and their standardization in plant extracts (13, 14) , this study conducts the simultaneous quantification of parthenin and coronopilin in P. hysterophorus to determine out the best time of the year at which the percentage of these two compounds is maximum in the plant. For this purpose, a robust normal-phase HPLC method was developed for the qualitative and quantitative determination of parthenin and coronopilin in P. hysterophorus.
Experimental
Isolation and characterization of marker compounds A shade-dried aerial portion of the plant material, including flowers (1 kg), was extracted with MeOH (5 L) in a Soxhlet extractor. The crude MeOH extract after concentration (97 g) was defatted with n-hexane (2 L), and the defatted material was extracted with chloroform (25 L). The chloroform extract residue (33 g) obtained after concentration was subjected to hot water extraction (8 Â 50 mL) for the isolation of mixture composed of parthenin and coronopilin. This mixture was subjected to column chromatography over a silica gel column. Elution was conducted in chloroform -methanol in increasing proportions of methanol. The eluants were collected in fractions of 50 mL each. Elution of the components from the column was monitored by using thin-layer chromatography (TLC). Two compounds, coronopilin (1778C) and parthenin (1678C), were obtained as white crystals, and the total contents of these two components in the plant were 0.015 and 0.3%, respectively. Both parthenin and coronopilin were characterized on the basis of 1 H nuclear magnetic resonance (NMR), 13 C NMR, 13 C distortionless enhancement by polarization transfer (DEPT) and mass spectral data. The spectral data obtained from these two compounds were in agreement with the data reported in literature (15) . The purity of these compounds was established by HPLC.
Sample preparation Dried and powdered leaves (2 g) were extracted three times with chloroform in a Soxhlet apparatus. All three extracts were combined and evaporated under reduced pressure to provide a residue. Accurately weighed quantities (5 mg) of residue/ extract from each sample were dissolved in 1 mL of a mixture of isopropyl alcohol -hexane (1:1). The solutions were filtered through a Millipore filter (0.2 mm) before injection into the HPLC system. Samples were also prepared from 500 mg of each of the flowers for HPLC analysis.
Preparation of the stock solutions
The stock solutions (2 mg/mL) of the marker compounds were prepared in HPLC-grade isopropyl alcohol-hexane (1:1). These two solutions were mixed in equal volumes to a concentration of 1 mg/ml each of parthenin and coronopilin in the solution. This mixture was diluted sequentially to concentrations of 10 -100 mg/mL of parthenin and coronopilin, respectively, in the solution. Ten microliters of this solution was injected into the HPLC for preparation of standard curves. Quantification of parthenin and coronopilin was conducted by the external standard curve method.
Instrumentation and Reagents

Instrumentation and chromatographic conditions
The HPLC system consisted of an Agilent 1100 series instrument equipped with a binary pump, an autosampler, an automatic electronic degasser, an automatic thermostatic column oven, a diode array detector and a computer with Chemstation software for data analysis. The stationary phase consisted of Si60 silica gel and a Merck column (4 Â 250 mm) with 5 mm particle size was used for analysis. The column temperature was maintained at 308C. The mobile phase consisted of an isocratic mixture of hexane -isopropyl alcohol (85:15) and was filtered through 0.45 mm Millipore filters before use. The detector wavelength was fixed at 205 nm. The mobile phase was delivered at a flow rate of 0.8 mL/min.
Solvents and chemicals
All solvents used in the study were of HPLC grade. HPLC-grade isopropyl alcohol and hexane were purchased from Merck (India). Both parthenin and coronopilin were isolated from the chloroform extract of P. hysterophorus and the purity (more than 97.5%) of these compounds was established by the developed HPLC method.
Plant material
Aerial parts of P. hysterophorus, including flowers, were collected locally and a voucher specimen (accession number 19513) was deposited in the herbarium of Indian Institute of Integrative Medicine (CSIR), Jammu, India.
Methods
Validation of HPLC method
Linearity
The linearity of the detector response was determined on the basis of calibration curves. In the present study, the linearity of parthenin and coronopilin was studied in the concentration range of 200 -2,000 ng by using standard solutions of parthenin and coronopilin. The regression analysis coefficient (r) was greater than 0.999.
Precision and accuracy
Intra-day and inter-day precision and accuracy were determined by assaying the standard solutions of parthenin and coronopilin at three different concentrations that fell within the range of the calibration curve. The overall intra-day and interday precision [relative standard deviation (RSD)] were set as less than 10%, whereas the accuracy (RD) was set between -5 and 5%. The values for intra-day and inter-day precision and accuracy for both SLs were measured by analysis of the standard solutions at three concentrations on three different days. The calculated RSD and RD values from repeated measurements are summarized in Table I . The assay precision for both SLs ranged between 1.91 and 3.17%, whereas accuracy was between 97.3 and 101.91%.
LOD and LOQ
The limits of detection (LOD) and quantification (LOQ) were measured on the basis of norms set by the International Conference on Harmonization (ICH). The LOD and LOQ values of parthenin and coronopilin were determined on the basis of signal-to-noise ratios of 3 and 10, respectively. The LOD values of parthenin and coronopilin were measured and found to be 19.0 and 53.0 ng, respectively, at 205 nm. Similarly, the LOQ values for parthenin and coronopilin were measured and found to be 60 and 180 ng, respectively, at the same wavelength. 
Specificity
The specificity of the method was investigated by checking the peak purity of parthenin and coronopilin. This was performed by comparing the ultraviolet (UV) spectra of the peaks of standard compounds to those of the peaks of these compounds in the plant extract at the same retention times.
Recovery
One hundred micrograms each of parthenin and coronopilin were spiked in 5 mg of P. hysterophorus extract and analyzed for recovery. The recovery of parthenin was in the range of 97.04 to 101.6% and the recovery of coronopilin was 96.50 to 102.4%.
Results and Discussion
The two SLs, parthenin and coronopilin, have analogous structures ( Figure 1 ) and polarities, which made the separation of these compounds critical. However, the best chromatographic separations were achieved using a normal-phase Si60 5 mm, 4 Â 250 mm Merck column. A baseline separation of parthenin and coronopilin was obtained using an isocratic mixture of hexane -isopropyl alcohol (85:15, v/v), in which the total analysis run time was 50 min. Both SLs were resolved ( Figure 2 ) with relatively sufficient differences in their retention times (33.326 and 29.227 min) at 205 nm. Good resolution was achieved between the peaks and the baseline. The reasonable differences in the retention times achieved under these conditions also made the quantification of these two SLs easier. The developed HPLC method was applied to determine the percentages of parthenin and coronopilin in the plant during different seasons of the year. The results exhibited remarkable differences in the concentration levels of these two components in the leaves and flowers of the plant. A representative chromatogram of the extract is shown in Figure 3 and the amounts of parthenin and coronopilin were summarized in Table II . The studies revealed that the maximum amount of parthenin in leaves was in the months of July (1.27%) and August (1.92%), and it was also high in flowers during the month of July (4.7%), but levels of parthenin went down during the month of November (0.73%). The amount of coronopilin was at its maximum during November (0.30%) in leaves, and in flowers, it was 0.61 and 0.67%, respectively, in the months of January and May. Coronopilin was not found in the plant during the months from August to December. Studies have also revealed that both of the marker compounds are at their maximum in flowers rather than leaves. Coronopilin exhibited a decrease in its amount in the plant during an increase in the amount of parthenin in the plant, indicating that the former may be the precursor for the latter.
Conclusion
The developed method is simple, reliable and fast. The method is currently being applied to study the various accessions of the plant during different seasons of the year. This is the first report of the development of a normal-phase HPLC method for the simultaneous quantification of parthenin and coronopilin. 
